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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide dual-gate field effect 
transistor which includes two insulated gate electrodes on the 
same main surface as the source region, the drain region and 
the channel region and these gate electrodes can be arranged 
to each region through self-alignment. 
SOLUTION: A semiconductor crystal layer, isolated from a 
substrate with an insulator, is prepared and a semiconductor 
crystalline layer island at least consisting of source region, the 
drain region and the channel region adjacent to these two 
regions are formed separately from a peripheral part with a 
groove. A gate insulation film is respectively formed to both 
side surfaces, opposed to the channel region of the 
semiconductor crystal layer island which is exposed in this 
groove. Moreover, the semiconductor crystal layer island, and 
both gate electrodes isolated from each other with the both 
gate insulation films are respectively provided in the groove. In 
this structure, the semiconductor crystal layer island, 
sandwiched by both gate electrodes, has a prescribed width 
and desirably has a width shorter than the length of the 
channel region. Accordingly, the short-channel effect can 
further be reduced markedly. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The duplex gate field-effect transistor characterized by having two insulated-gate electrodes which 

faced across the channel field on the same principal plane as this channel field, and were electrically insulated 

in the insulated-gate field-effect transistor which has the source field, drain field, and channel field which 

consist of a semiconducting crystal prepared through the insulating material on the substrate. 

[Claim 2] The integrated circuit characterized by having the transistor of the claim 1 above-mentioned 

publication. 

[Claim 3] The integrated circuit characterized by having been intermingled and using the transistor from which 
the width of face of a channel field differs in the integrated circuit of the claim 2 above-mentioned publication. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to amelioration of the field-effect transistor equipped 

with the duplex gate about an insulated-gate field-effect transistor. 

[0002] 

[Description of the Prior Art] In an insulated-gate field-effect transistor, in order to realize the transistor 
which has minute channel length, the so-called prevention of a short channel effect (rapid fall of the threshold 
electrical potential difference at the time of shortening channel length) is indispensable. As one component 
structure for that, there is a duplex gate field-effect transistor as shown in patent No. 2021931. The cross 
section of the above-mentioned conventional duplex gate field-effect transistor is shown in Fig. 20. 
[0003] In Fig. 20, while 1 is a substrate and 2 is lower gate dielectric film The whole is an insulating layer which 
separates with a substrate the semiconducting crystal layer formed on the substrate although not illustrated. 
3, 4, and 5 are the source field formed in a part of semiconducting crystal layer, a drain field, and a channel 
field, respectively, and, for an insulator layer and 8, as for a lower gate electrode and 30, an up gate electrode 
and 9 are [ 6 / up gate dielectric film and 7 / a source electrode and 40 ] drain electrodes. This structure is 
confirmed as the control approach of a short channel effect. That is, by shielding the channel field 5 with the 
up-and-down gate electrodes 8 and 9, and suppressing the effect which drain electric field have on potential 
distribution of the source and a channel field interface, even if short-channelized, it is stabilized only with a 
gate electrode and enables it to control potential distribution of the source and a channel field interface, and 
the rapid fall of a threshold electrical potential difference is prevented. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since the conventional structure was the structure where 
the structure, i.e., an up-and-down gate electrode, where the gate electrode was prepared up and down 
across the channel field, respectively, the channel field, the source field, and the drain field are not prepared 
on the same principal plane, it was difficult to carry out self align of the two gate electrodes to a channel field, 
a source field, and a drain field, and to form, therefore, the allowances corresponding to alignment precision — 
having — a lower gate electrode and a channel field — not arranging — there was a problem of the 
degradation of operation which does not obtain, therefore originates in increases or those fluctuation of 
parasitic capacitance. Moreover, when using as an integrated circuit device, since the up gate electrode and 
the lower gate electrode were not located in the same principal plane, it had the fault said that it makes wiring 
complicate further. 
[0005] 

[Means for Solving the Problem] The semiconducting crystal layer separated from the substrate with the 
insulating material is prepared, a periphery and a slot separate and the island-shape semiconducting crystal 
layer which consists of a channel field which adjoins a source field, a drain field, and these at least is formed. 
Gate dielectric film is formed in the both-sides surface part where the channel field section of the island- 
shape semiconducting crystal layer exposed to this Mizouchi counters, respectively, and it considers as the 
structure which prepared both the gates electrode each other further separated by the island-shape 
semiconducting crystal layer and both gate dielectric film in this slot, respectively. The width of face of the 
island-shape semiconducting crystal layer pinched by both the gates electrode has predetermined width of 
face, and makes it a desirable value smaller than the die length of a channel field, and reduction of a short 
channel effect is made to become much more remarkable. 
[0006] 

[The 1st example] The 1st example of the invention in this application is shown in Figs. 1 and 2. Fig. 1 is a top 
view of the duplex gate field-effect transistor concerning the invention in this application, and Fig. 2 is a X-X' 
sectional view of Fig. 1. In Figs. 1 and 2, 1 is a substrate, 2 is an insulating layer, and 3, 4, and 5 are the source 
fields, drain fields, and channel fields which form the island-shape semiconducting crystal layer prepared by 
dissociating in the slot (hollow where the outline was deleted by the rectangle) 6. A channel field is prepared 
with the predetermined width of face T. Moreover, 7-1 and 7-2 are two gate dielectric film formed in the 
both-sides surface part of the channel field 5, and 8 and 9 are two gate electrodes prepared by an island- 
shape semiconducting crystal layer separating in the slot 6. Moreover, 10-1 is the remainder of the 
semiconducting crystal layer separated from the substrate 1 by the insulator layer 2. 

[0007] In Figs. 3 thru/or 11, the example of a production process for realizing the duplex gate field-effect 
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% transistor concerning the 1st example of the above is shown. As first shown in Fig. 3, the silicon crystal layer 

10 formed through the oxide film 2 on the silicon substrate 1 is prepared, and the sequential deposition of 
silicon oxide 11 and the silicon nitride 12 is carried out further. 

[0008] Next, as shown in Figs. 4 and 5, the insular layer 50 separated from the perimeter by the slot 6 where a 
part of silicon nitride 12, silicon oxide 11, and silicon crystal layer 10 are removed, and the depth formed 
arrives at the front face of an insulating layer 2 is formed, the lateral portion exposed to the slot 6 of the 
crystal silicon layer 51 which constitutes an insular layer 50 further is oxidized, and silicon oxide 7-1 and 7-2 
are formed. It is not illustrating, although the crystal silicon layer lateral portion of the perimeter exposed to a 
slot 6 at this time also oxidizes. Moreover, the width of face of an insular layer can also give different 
predetermined width of face for every component. 

[0009] Next, as shown in Fig. 6, a polycrystalline silicon layer is deposited on all front faces, flattening is 
carried out by the mechanization study-grinding method etc., and the polycrystalline silicon layer 14 is 
embedded to the interior of a slot 6. At this time, a part of silicon nitride 12 13 left behind on the silicon 
nitride 12 and the insular layer 50 acts as an etching stopper for flattening. 

[0010] Fig. 7 shows the X-X* cross section of Fig. 6. Next, a part of polycrystalline silicon layer 14 embedded 
by the lithography process in the slot 6 is removed, and the polycrystalline silicon layers 8 and 9 each other 
separated by the insular layer 50 are formed as shown in Fig. 8. Although Fig. 9 shows the X-X* cross section 
of Fig. 8, in this case, a resist pattern 200 is formed so that an insular layer 50 may be crossed, and the 
polycrystalline silicon layers 8 and 9 are formed at the one same lithography process. Moreover, the part of 
insular layers 50 other than a resist pattern serves as a mask in case the silicon nitride 13 is polycrystalline 
silicon removal at this time, and an insular layer 50 remains as it is. Furthermore, silicon oxide 7-1 and 7-2 
become a mask at the time of polycrystalline silicon removal, and it prevents that a surrounding silicon crystal 
layer and the silicon crystal layer 51 of an insular layer 50 are removed (refer to the 5th Fig.). 
[001 1] Next, the polycrystalline silicon layers 8 and 9 are used as a mask, an oxide film 7-1 and a part of 7-2 
are removed, further high-concentration n mold impurity is diffused from a side face, and the source field 3 
and the drain field 4 (refer to the 1st Fig.) are formed in an insular layer 50. The part of the silicon crystal 
layer 51 by which the mask was carried out serves as the channel field 5. Moreover, since a high concentration 
n mold impurity is added by the polycrystalline silicon layers 8 and 9 at coincidence, it can use as a gate 
electrode, respectively. In this way, the configuration of this invention the source field 3, the drain field 4, the 
channel field 5, and the gate electrodes 8 and 9 come to carry out self align on the same principal plane is 
realizable. 

[0012] In order to make future production processes easy, as shown in Fig. 10, of course, flattening of the 

remainder of a slot 6 may be embedded and carried out by silicon oxide 15. 

[0013] 

[The 2nd example] Figs. 1 1 and 1 2 are the examples of structure which can show the 2nd example of the 
invention in this application, can make width of face of a channel field thin further, and can control a short 
channel effect more notably. 

[0014] Following on Fig. 10, although Figs. 13 thru/or 19 show the example of a production process of the 2nd 
example of the above, as shown in Fig. 1 3, they remove the polycrystalline silicon layers 8 and 9, and form 
slots 16 and 17. Fig. 14 shows the X-X' cross section of Fig. 13. After removing the oxide film 7-1 of the both- 
sides surface part of the exposed channel field 5, and 7-2, as shown in Fig. 15, the both-sides surface part of 
the channel field 5 is etched, and it is made thin to predetermined thickness. Fig. 16 shows the X-X' cross 
section of Fig. 1 5. 

[0015] Next, as shown in Fig. 17, gate oxide 7-3 and 7-4 are formed in the front face of a both-sides surface 
part. Next, the silicon nitrides 12 and 13 are removed, and as shown in Fig. 18, the gate electrodes 18 and 19 
are formed by embedding and carrying out flattening of the slots 16 and 17 with a metal. 

[0016] Fig. 19 shows the X-X' cross section of Fig. 18. The 2nd example of this invention shown in Figs. 11 and 
12 as for which the source field 3, the drain field 4, the channel field 5 made thin to predetermined thickness, 
and the gate electrodes 18 and 19 formed into low resistance come to carry out self align on the same 
principal plane in this way is realizable. In this case, width of face of a source field and a drain field is greatly 
made as compared with a channel field so that resistance of that part can be performed sufficiently small, and 
it can make small effect of fluctuation of the parasitism resistance by the alignment error of the 
polycrystalline silicon layers 8 and 9 and an insular layer 50. 
[0017] 

[Effect of the Invention] Since the source field, the drain field, and both the gates electrode are arranged on 
the same principal plane according to this invention, like before, the wiring layer for a lower gate electrode 
becomes unnecessary, and can mitigate the complexity of wiring. When preparing opening for wiring in the layer 
insulation layer prepared in the component upper part, since the depth of each opening to a source field, a 
drain field, and a gate electrode can be made almost the same, unlike the former, improvement in the 
controllability of a process and time amount compaction are attained. Moreover, since it can form at the same 
lithography process as shown in the example of a production process, self align is carried out also to a source 
field, a drain field, and a channel field mutually and, respectively, and both the gates electrode can be 
arranged. Therefore, although the performance degradation by fluctuation of parasitism resistance of increase 
of the parasitic capacitance by location mismatching or a source field, and a drain field occurred with the 
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conventional structure, this can be prevented according to the structure of this invention. 
[0018] Since both the gates electrode is insulated electrically, it is controllable in the threshold electrical 
potential difference of a field-effect transistor by giving the suitable potential for the gate electrode of 
another side, using one gate electrode as an input Moreover, the width of face of the channel field part of the 
island-shape semiconducting crystal layer which has estranged both the gates electrode can be changed for 
every component, and change of the threshold electrical potential difference when giving the same potential 
can be changed for every component. The principle is because the capacity of a silicon layer becomes small 
and a gate inter-electrode capacity of the channel table side facing one gate electrode and another side which 
counters becomes small by thickening width of face of a channel field part. That is, if width of face of a 
channel field part is thickened, extent of change of a threshold electrical potential difference can be made 
small. The component which has the threshold electrical potential difference which changes with this is 
realizable for coincidence. Although the same effectiveness can be conventionally acquired by changing the 
thickness of a semi-conductor with structure, a lithography process is needed for every thickness, and the 
complexity of a process is caused. On the other hand, with the structure of this invention, that what is 
necessary is just to change the width of face of an island-shape semiconducting crystal layer, since it is 
realizable at the one same lithography process, this can solve the above-mentioned fault. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The top view of the duplex gate field-effect transistor which is the 1st example of the invention in 
this application 

[Drawing 2] The X-X' sectional view of drawing 1 

[Drawin g 3] The production process explanatory view of the transistor which is the 1st example (A). 
[Drawing 4] The production process explanatory view of the transistor which is the 1st example (B). 
[Drawing 5] The production process explanatory view which is a X-X' sectional view of drawing 4 (C). 
[Drawing 6] The production process explanatory view of the transistor which is the 1st example (D). 
[Drawing 7] The production process explanatory view which is a X-X' sectional view of drawing 6 (E). 
[Drawing 8] The production process explanatory view of the transistor which is the 1st example (F). 
[ Draw in g 9] The production process explanatory view which is a X-X' sectional view of drawing 8 (G). 
[Drawing 10] The production process explanatory view of the transistor which is the 1st example (F). 
[Drawing 1 1] The top view of the duplex gate field-effect transistor which is the 2nd example of the invention 
in this application. 

[Drawing 12] The Y-Y sectional view of drawing 1 1 

[Drawing 13] The production process explanatory view of the transistor which is the 2nd example (A). 
[Dra wing 14] The production process explanatory view which is a X-X' sectional view of drawing J 3 (B). 
[Drawing 15] The production process explanatory view of the transistor which is the 2nd example (C). 
[Drawing 16] The production process explanatory view which is a X-X' sectional view of drawing 1 5 (D). 
[Drawing 17] The production process explanatory view of the transistor which is the 2nd example (E). 
[Drawing 1 8] The production process explanatory view of the transistor which is the 2nd example (F). 
[Drawing 19] The production process explanatory view which is a X-X' sectional view of drawing 18 (G). 
[Drawing 20] The sectional view of the conventional duplex gate field-effect transistor. 
[Description of Notations] 

1 Substrate 

2 Insulator Layer 

3 Source Field 

4 Drain Field 

5 Channel Field 

6 Slot 

7-1 Gate Dielectric Film 
7-2 Gate Dielectric Film 
7-3 Gate Dielectric Film 
7-4 Gate Dielectric Film 

8 Gate Electrode 

9 Gate Electrode 

10 Semiconducting Crystal Layer 

10-1 Remainder of Semiconducting Crystal Layer 10 

1 1 Insulator Layer 

12 Silicon Nitride 

13 A Part of Silicon Nitride 12 

14 Polycrystalline Silicon Layer 

15 Insulating Layer 

16 Slot Which Comes to Remove Gate Electrodes 8 and 9 
1 7 Slot Which Comes to Remove Gate Electrodes 8 and 9 

18 Metal Electrode Which Comes to Embed Slots 16 and 17 

19 Metal Electrode Which Comes to Embed Slots 16 and 17 
30 Source Electrode 

40 Drain Electrode 

50 Insular Layer 

51 Semi-conductor Layer Which is Component of Insular Layer 50 
200 Resist Mask 
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